The efficiency of chromium removal from tannery effluents using prepared crab shell chitosan was studied.
Introduction

18
The tanning industry has been considered a major pollution source, and tannery wastewater is subsequently a 19 potential environmental concern. Tannery wastewater characteristically contains a complex mixture of both 20 organic and inorganic dissolved and suspended solids with high oxygen demand and potentially toxic metal salt 21 residues [1, 2] . Chlorinated phenols and chromium have been found to be closely associated with tannery waste 22 [3, 4] . Pollution by Cr is of considerable concern, as the metal has found widespread use in electroplating, metal 23 finishing, leather tanning, nuclear power plants, and the textile industry [5] . Cr occurs in two relatively stable 24 valence states in aqueous solution, i.e., in the forms of Cr (III) and Cr (VI), which have quite different effects on 25 biological systems. Cr (III) is considered an essential micronutrient for humans, playing a role in the 26 maintenance of normal glucose, cholesterol, and fatty acid metabolism [6] . In contrast, Cr (VI) is highly toxic,
27
as it can diffuse as CrO 4 2− or HCrO 4 − through cell membranes [7] . Its acute toxic effects include immediate 28 cardiovascular shock, with later effects on the kidneys, liver, and blood-forming organs [8, 9] , and it can 29 damage nerves, the liver, and bones and block the functional groups of essential enzymes [10] [11] [12] [13] . Hexavalent 30 chromium is toxic and mutagenic to most organisms and is known to cause cancer; it also causes lung 31 carcinoma in human beings [14] . Exposure to metals like chromium increases the risk of dermatitis, ulcers, nasal 32 septum perforation, and lung cancer [15] .
33
The conversion of raw leather to finished leather involves different processes, including disinfecting, soaking, tanning, which is used by 80% of tanneries in South Asian and African countries. In traditional chrome tanning 37 practices, only 50-60% of the chromium applied is adsorbed by the leather and the rest is discharged as waste 1 [17] . Most of the industries in the Hazaribagh area do not recover chromium for reuse. Once deposited in the 2 soil, chromium may be virtually permanent [18] . It enters the food chain through consumption of plant material.
3
A high concentration of Cr has been found to be harmful to vegetation. 
15
The use of adsorbents containing natural polymers has received great attention, particularly polysaccharides
16
such as chitin and chitosan [26, 27] . Chitosan is a biodegradable, biocompatible, non-toxic biopolymer reported
17
to be an efficient heavy metal scavenger owing to the presence of amino groups [28] . Biosorption is considered
18
an effective method for heavy metal removal as it is cost effective and environmentally friendly.
19
A lot of work has been done in the removal of Cr ions from aqueous solution using chitosan and various 
5
Then, the residue was washed thoroughly with distilled water until a pH in the 6.5-7.5 range was obtained. The 6 chitin obtained through the above process was deacetylated with 40% NaOH (1:10 w/v) for 1 h at 120 °C. After 7 deacetylation, the chitosan was washed thoroughly with water and then with distilled water until a pH in the 8 range of 6.5-7.5 was obtained. The chitosan was dried, ground, and screened for later use as an adsorbent. 
10
Fourier transform infrared (FTIR) spectroscopy measurement was performed using an FTIR analyzer
11
(IRPrestige-21, Shimadzu, Japan) to determine the presence of functional groups in the synthesized crab shell 12 chitosan at room temperature. The chitosan was dried thoroughly in an oven at 50 °C and KBr was used to
13
prepare pellets. Two grams of KBr were placed in a mortar and the sample was added (about 1-2%), mixed, and
14
ground into a fine powder. Two stainless steel disks were taken. A piece of precut cardboard was placed on 15 top of one disk that had been stored in a desiccator, and the cut-out hole was filled with the finely ground 16 mixture of chitosan and KBr. The second stainless steel disk was placed on top and the "sandwich" was 17 transferred to the pistil of a hydraulic press. The sample pellet was pressed with a pressure of 20000 psi, to 18 prepare a pellet of chitosan-KBr mixture. Then, this film was removed from the hydraulic press, and had 19 become homogeneous and transparent in appearance. When it was ready for FTIR analysis, the analysis was 
29
The measured physicochemical parameters of the tannery wastewater samples were pH, total dissolved solids
30
(TDS), turbidity, biochemical oxygen demand (BOD), DO, electrical conductivity (EC), salinity, and chemical
31
oxygen demand (COD). The pH and TDS were measured using a pH meter (HM-30P pH Meter) and TDS meter
32
(Hanna, HI 8734), respectively. EC, salinity, DO, and turbidity were measured using an EC meter (CM-31P), water and wiped using tissue paper. The probe was placed in the water sample to be measured and the 2 instrument reading was allowed to stabilize. The final reading was recorded.
4
The BOD was measured using the five-day BOD test. In order to obtain BOD 5 , the DO concentrations in a 5 sample must be measured before and after the incubation period and appropriately adjusted by the 6 corresponding sample dilution factor. This analysis was performed using 300 mL incubation bottles in 7 which buffered dilution water was dosed with sample water and stored for five days in an incubator at 20 °C to 8 prevent DO production via photosynthesis [39] . The BOD 5 was calculated as follows:
…………………………………… (1) 10
Where, D o is the dissolved oxygen (DO) of the diluted solution after preparation (mg/l),D 5 is the DO of the 11 diluted solution after 5 day incubation (mg/l) and P is the decimal dilution factor.
13
Batch adsorption using crab shell chitosan
14
The adsorption of chromium ions by chitosan was examined at different contact times (1, 2, 5, 6, 12, and 24 h).
15
Five grams of chitosan were soaked in 100 mL of tannery wastewater. Then, the mixture was stirred
16
continuously using a shaking incubator for 1-24 h at room temperature. After incubation for different times, the 17 chitosan was separated from the wastewater by filtering. Then, the physicochemical parameters were measured.
18
Furthermore, adsorption of Cr by chitosan was examined at different adsorbent dosages (1, 1.5, 2, 3, 4, and 5 g),
19
pH values ranging from 3 to 8, and temperatures (30, 40, 50, and 60 °C). effluent was odorous and bluish, which will affect photosynthesis in water bodies. The physicochemical 7 parameters are shown in Table 1 .
8 Table 1 to be inserted here 9
FTIR analysis of chitosan
10
The FTIR spectrum of the synthesized chitosan showed many peaks (Fig. 1) . Among them, a characteristic peak 11 at 3305.99 cm −1 due to the N-H symmetric stretching vibration indicates the presence of amino (-NH 2 ) groups.
12
The peak at 1645. 
18
From the result of physico-chemical properties of tannery effluent after adsorption with synthesized chitosan 19 (Fig 2) , it was found that the each parameter (pH, TOC, EC and TDS) was changed significantly (p < 0.05) from 20 their respective initial content. In the batch adsorption the pH, adsorbent dose and temperature were 4.56,
21
5g/100ml, and 30˚C respectively. The pH (Fig 2a) of the effluent increased to an acceptable limit (8.13-8.72).
22
There was a significant difference between the initial value and the value after treatment for different soaking 23 time (1-24 hr) at 5% level of significance. However, there is no significant change observed within the applied 24 soaking time (1-24 hrs).
25
Figure 2 to be inserted here
26
There was a significant change in the Total Organic Carbon after adsorption with synthesized chitosan from the 27 initial TOC value (1302 mgL -1 ) and was increased to a certain value (up to 1916 mgL -1 ). A significant difference
28
was found in TOC value with increasing soaking time for adsorption (p<0.05) (Fig 2b) . The TDS values after 29 the adsorption with synthesized chitosan showed a significant decrease (p<0.05) from the initial value (Fig 3c) .
30
TDS decreased from 65500 to 43600mg/L within one hour of adsorption. After one hour the decrease of TDS
31
was not significant with the TDS at one hour of adsorption.
32
A significant decrease (p<0.05) was observed in EC values from the initial value after adsorption with the 33 synthesized chitosan (Fig 2d) . EC decreased from105.1 to 92.8 mS/cm within two hours of adsorption time.
34
There was no significant difference in residual EC value at 5, 6, 12 and 24 hour of adsorption, compared with
35
the residual EC value of two hours of adsorption time.
7
The turbidity is one of the prominent factor determine water quality. The turbidity after adsorption was 1 significantly changed (p<0.05) from the initial value (47.73 FTU). Turbidity was almost removed by adsorption 2 with synthesized chitosan within two hours (Fig 3) . After two hours the decrease of turbidity was not significant 3 with the turbidity value at two hours of adsorption. and in 30˚C, the Cr concentration was1.20 mg/L (Fig 4a) .
11
In pH variable study, a significant difference (p < 0.05) was observed in residual chromium ions concentration
12
in tannery effluent after adsorption with synthesized chitosan (Fig 4b) . Adsorption of chromium onto 16 Figure 4 to be inserted here
17
In dose variable experiment, a significant difference (p<0.05) was found in chromium concentration after the 18 adsorption with synthesized chitosan of different doses. Adsorption of chromium was increased with increasing 19 adsorbent doses. After using 1 g of chitosan, the chromium concentration of the effluent was 1.17mg/L and 20 using 5 g of adsorbent the chromium concentration was 0.281mg/L (Fig 5a) . With increasing adsorption dose,
21
residual chromium concentrations were significantly decreased (p< 0.05).
22
Figure 5 to be inserted here
23
The initial concentration of chromium in tannery effluent was 1345 mg/L. A significant decrease of chromium 24 concentration was observed after adsorption with 5 g/100ml of synthesized chitosan (Fig 5b) . Chromium 25 concentration decreased to 1.17mg/L within one hour of adsorption. So the removal efficiency was 99.9%. 26
After one hour of adsorption the chromium concentration decrease was not statistically significant. 27
Discussion
28
The tanneries in Bangladesh are the source of severe water pollution. They produce both solid and liquid 29 wastes containing high levels of chromium and discharge continuously into the Buriganga River. The pollution 30 in the aqueous environment affects fish and other organisms, and may ultimately affect human beings via the 31 food chain. It has been known that the meat tissue scraped out of raw hides is used as chicken feed after some 32 treatment. The feed may be contaminated with high levels of chromium, which may enter our bodies through the 33 food chain. Therefore, treatment of tannery effluents is a great concern. The batch adsorption study showed that 34 chitosan can be used as an efficient adsorbent for the treatment of tannery effluents. The levels of some 
18
The turbidity after adsorption was significantly changed (p<0.05) from the initial value (47.73 FTU). Turbidity
19
was almost removed (99.3%) by adsorption with synthesized chitosan within 2 hours of adsorption (Fig 3) .
20
In the temperature study for chromium removal, the adsorption increased with increasing temperature. A similar 21 result was also found by Adamczuk [43] . The highest rate of chromium adsorption onto chitosan was observed
22
at the highest temperature, 60 °C. A higher temperature increases the reaction rate of adsorption of chromium
23
with the synthesized chitosan.
24
The pH of the aqueous solution is an important controlling parameter in the heavy metal adsorption process, and 25 thus, the role of the hydrogen ion concentration was examined in the batch experiment. In the pH study,
26
adsorption of chromium ions increased with decreasing pH. Adsorption was the highest at pH 3 and the lowest 27 at pH 8. Cr (VI), depending on the pH, is known to exist as anions. At a low pH (below 4), the amine group on , and the fraction of any particular species is dependent upon the 33 chromium concentration and pH [44] . From the pKa of chitosan, it can be calculated that the extents of 34 protonation are 9%, 50%, 91%, and 99% at pH 7.3, 6.3, 5.3, and 4.3, respectively [45] . This leads to the 35 interaction between -NH 3 + functional groups and the chromate anions. With the increase in pH from 5 to 9, the 36 degree of protonation of the adsorbent functional group decreased gradually and, hence, removal decreased.
9
In the dosage experiment, adsorption was carried out with adsorbent dosages ranging from 1 to 5 g of chitosan,
1 while other variables were constant. Removal of chromium ions increased with increasing adsorbent dosage.
2
Five grams of chitosan adsorbed almost all of the chromium ions in the effluent, because a large amount of 3 chitosan provides a larger amount of reaction sites for adsorption [46] . Chromium removal with 1 g of chitosan 4
was significantly different from those of the other treatments.
6
The chromium removal efficiency was 99.9% within one hour of batch adsorptionwith adsorbent chitosan.In 7 this study, increasing adsorption time did not provide any remarkable difference in chromium removal, as the 8 reaction reached its equilibrium point within one hour.So, 5 gm of chitosan has provided enough adsorption site 9 to bind chromium and adsorption time did not affect the adsorption efficiency of chitosan in the effluent. A 10 typical effective adsorbent must acquire a short equilibrium during the treatment with adsorbate. Likewise, the 11 synthesized chitosan here in this study received equilibrium at the first one hour with chromium ions. After the 12 equilibrium achieved, no significant differences were found among the removals in different soaking hours. 
21
Adsorption isotherm was analyzed by Langmuir and Freundlich adsorption isotherm. It was found that
22
Langmuir adsorption isotherm correlation coefficient value (R²) was 0.9537 and for Freundlich adsorption 23 isotherm R² value was 0.9888. Thus, the Freundlich model was the most acceptable one to explain the 24 adsorption process of Cr onto Chitosan surface suggesting a multilayer adsorption process. Accordingly, the 25 adsorption process here in this study followed both monolayer (chemisorption) and multilayer (physisorption)
26
adsorption on heterogeneous surfaces. In addition, adsorption kinetics depends on the interaction of adsorbate-27 adsorbent in aqueous adsorption system and plays an important role in water purification process. Reaction rate
28
and adsorption mechanism can be elucidated by fitting data into both Pseudo first and second order kinetics 29 models. The adsorption of Cr with the synthesized chitosan was highly fitted into the Pseudo Second order 30 kinetic model and thus showed the chemisorption kinetics.
31
Cost-effectiveness and reusability are very important for a synthesized adsorbent in real applications. A facile 32 synthesis method was followed in this study to extract chitosan from crab shells. Crab shells are ubiquitous in 33 nature and are now-a-days commercially derived using simple methods which involve low cost. Reusability of
34
any adsorbent is of great importance in view of sustainability and cost-effectiveness. Several researches have
35
shown multi-reusability property of synthesized chitosan including our previous own work [ [49] [50] . Likewise,
36
the synthesized chitosan in this study also revealed elevated level of reusability. Desorption studies was also carried out for several cycles and sufficiently high desorption (78%) was found for the consecutive five cycles 1 and then decreased slightly after the sixth one. 
